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Development of Small Performance Test Device for Helical—-Type

Magnetohydrodynamic (MHD) Seawater Propulsion Thruster
Doo—Hee ChangT-Jong Gab Jo:Dae—Sik Chang:Sun—Ho Kim+Jeong—Tae Jin-Chang—Su Ryu

Korea Atomic Energy Research Institute (KAERI)

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

A magnetohydrodynamic (MHD) seawater propulsion thruster has been proposed to reduce propeller noise, propeller pitting, and
vessel vibration originated from the propeller cavitation, The MHD thruster was also focused to overcome the limitation of propulsion
velocity for the special purpose of marine ships, The research trends and key technologies in the worldwide leading countries
are reviewed for the development of MHD propulsion thrusters in Korea, A small performance test device was developed firstly
with a conventional solenoid magnet of <0.6 Tesla and a helical—type cylindrical duct(inner diameter of 5 cm) of thruster, The
artificial seawater was fabricated by a salt solution including a conductivity of 5~6 S/m. The measured flow velocity of artificial
seawater in the test device was 0.03~0.42 m/s (0,06~0.84 Knot) with a magnetic field strength of 0.6 Tesla and the applied
currents of 10~80 A including the change of anode materials, It was found that the flow direction of seawater was reversed

by the directional change of applied current in the solenoid magnet,

Keywords : Magnetohydrodynamics(XE [2A|SfS)), Seawater propulsion(si4=3=%l), Propulsion thruster(F£17), Helical—type thruster(Zi2)

2454 =X17|), Seawater flow velocity(all=24)

LUl MU S (EE ZROIM SAHOR AIBSHE
7| MAEIE T2HE 25250 S4250|
Al

SiZ1HH 2 tiFE0d, ol2iet Msat 30 &

He

217 |(propulsion thruster) 7 F M et=[{ct MHD FXI7|= M7 |~
(electric field)2t X7 |2 magnetic field)oll 2lsiAM 77 |=l= =23
Z8l(Lorentz force)2 O|&shk= Walo|ny, 7|&ME=(0l=, &
Alot, €&, 4, EU S)ollAl= ojzf MullIzIoz o|8sh| ¢
5101 F7HEQl TN 2 B ATE SRlist QUck Sxf, ol
Mz olol| Cist Z71AQ1 T 1a7H e AT R X| i 9o,

Agso| LR AALT|E LS st T|HTE Hes

Ch MHD FZ1712] siAl2 FZI (propulsion hull)2| =Xs} 1

AplEel o8 % 2w s Stz it FET(of Z2st
K
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7|1&E ggdol g2 =

Mekg FRAIRICZ TN USIOA}L =25t )lond, o|2FE M
Aol 27|t A =M Z =7+ JACt MHD F&17|= 20|
ShaksiMslol| 2 7|5 EEUt IssiE R, FAEel S
Ho| 43 AEYD ZpNo|E MEE = lond, FXV|o| £
Asof w2t tfE Muln Zpate| (F/EX)FRTICRE &8
2 £ ot 5L MHD FX7|= MEREo| 235 iy A
M, 3lEM, ofeld, =AM, AIFM 2 REMMoE XE0|
Jtsst2z, olel $Ak 3 F MU KD AIEIS| SAT|=0]
o, Zid&el =HolA= MHD = (pump), MHD 2 (power
generation), 27!!(rocket) 2t 2FM(space ship)2| FZI7| 71t
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mrs- 25 HUA-2M S IR RS

1960LcH Z¥loil A1kg MHD Z217|2] 0|80 chet 71=Hgy
O| M[ot=l o|= (Friauf, 1961; Phillips, 1962), 7|&71g& ME=
(02, 22, F2, EU S)oIME X580l 7|x079 SEH
ol Flasiof gic. oi7 FEISE jol YA MRS
ARBHE MHD £217| 42 i P2 e 5120l TRP IS £
TAME 0185t 2717 JHioll 2t A TIR| XISAel Tl
I} 452 B Sich YR

ﬂJI

I'

o

3k2 Alislo] FRV|e| E3gs U=
2 1992 of| MIA| "L& MZEF30 mel =ME MHD FRIMERS
HZESI0| Algd2do| M35I9Ct (Takezawa et al., 1994;

Takezaw et al., 1995). i"—HOHHE 1990ty ZEHFEE 20004
o =E7HK| 0|01| ok 7|= 04—?9F arlE AFERIE 088t
ZFME MHD FZRI7| A7} £l OL} (Kong, 1993a; Lee
et al., 1995; Lee et al., 1998) 20000y O| =5 Ef SHMIIX| =
Aol 2ot 158 MHD 27| 7|a7iet o7 SEED
UCt =HE l\/IHD 2 M85}t
IR 22E F Us #ATY|E0|H, 7|SH0| RFEE ZAES
S8 *1t—'| F ebdoll 257 flsiMe =M= MHD &2
7| sipT|&e| RIZEE T HIEA| O|F0{Mof sict 7|aviet

9|3F34 20 El&2HTesla, T) O|Afe| X
718 ARSI =ME MHD F217(2] of20f AX Aol et
kst Ut (Ezzart, 1991; Rodrigues, 1999; Yan et al.,
2002). M= M MAM ez 12 ZMETA el sietnt DX |E
B U8 ZHZA AARo| A5k g5 Ol FOX| 1L

o0y, 12 FHMEA Al2H0| 0|8l W2ARA 7x0| the

ZRX7 | FRIMEk| ZEs g

T=Ee| HEIE ZHof

el

e8| ZMEXME 0|8sk= =ME MHD FXI7(9| A&
Slof LR ATHDs2 ZFE6HOIE3F34, Ed T X|5E[0]
0 + xfeloflM ZME

12 —| RiA[{el 7423} ATglo]
) Aol x5 %'EJP%'EF. 3|, IX PI’“P*OW
=k,

f4|°4°*(MHD) %‘37@ %‘EE Qs DAl Od-_rlfotom
2 0470l A= MHD FAI7| &0 ik Zf-2lofAle] s sts
mjotslod AvKslnd, 120l 2QolM F2 7D s Hely
(helical—type) MHD Z=Z17|(propulsion thruster)2| 78D |& &2
s K| 7HedsH A2fES MHD 27| 48 MeAlel 2|28
Ei FA7|9| sfiF2l EMg IolM HS22 ERlsIict

J#

2. -9 o7 S8
2.1 =4 o+

19907 1994E7IX| Ekateloi 4 (ADD)= 2et=snt

et 3822 =7 MHD FZA7| F=°I
(rectangular—duct type) 2t A7 &% (race-track type)oll CHEE
Aol A MEHE FESIQICE 0] 7oA = E=eHl MHD
FX2 2lst o|2™ J|xeot MEY|HE Melst, MHD FE9|
AE3o| et 7HsME 2AsI HES, 7|sXl ZHEe
st siduters MAISIIAL SICH (Lee et al., 1995-
Kong, 1993b; Kim, 1991). 1994'5 E{ 199747X|= O™ ¢
Tofl gt & A2 MHD FZlof| Zesh 7|dH 2 |
= EEE EI.O;I MHD E—|EO| OE—HA-I_II. OEE

I =
_|E A ==

RIS

rs'_ nH>r

|0
21
o
H:I

e F2lol RE L RASH o SWHS LS, I\/IHD
F218 EMTAM(Z7|E: race-track type, 23 AHA)2| 7H
HAHAE FSsiCt 199445 1999H7IK| AN B S0}

[==]
ZEBsl0| ZE22 3.5 T MEEQ Lok 2R

oo—

(saddle-type d|po|e magnet, 0|= Supercomil A& Al

= IEEQl 2 HZEHE ABslkes =ML MHD FXI7| 7Hgt
HAT7E $HFIFC} (Jeoung, 1997; Sohn et al., 1998). o] o1
ToME MHD FRIHEL 9| 22 Ze} %’r%g E3sta, 7|

X

T
Zo| MRS 0|83 Z1fet H|WBIFH M, 047|A HAME of
2xo| ZX58e 2k 8 %Yct 0|F ZifjoM= MHD EX17|
ZYMES SHIA|F|7| 2lst ECb ®MAK Al@ZE|| JY

231%ict
2.2 32| o7

MHD ZFZlof| tist 7|22l 0|22 1961 Friaufoll 2lsH ARZ
HES MHD FXI7|7F X222 H|k=|A 1D (Friauf, 1961), 1962
A Philipsoll 25 MF22 si2F 2&the =4 Jiido| "ot
=l 0| (Pnillips, 1962), 7|&FE=0lM= XIEXH 22 olof Chst

7|Z=™ol A rleks 35Tt Doragh (Doragh, 1963)2t Do
(Doi et al., 1968)= EAlof A'040I ol 10 EBI&2t AP &
MZ|e] ZMEAME MHD FXlof| o|3FKIr H|eksiict.

19661 O|= WestinghouseAt2| Way= MHD & BdMoZ
MEHE FHs0] 0|29 EElMde UBSIFCt Ways ol=2l
California Santa Barbara CHEol|A 20 3.1 m, k4 0.225 m,
A& Mi7] 0.015 Tesla(T)2| FXI7|(EMS-1)E 71245109 0.4
m/se| £EZ 202712 Mol M=Kt (Way, 1968). 0=,
19700l = 22X W7 (cryogenics) 2l EHetE2 MHD FZ17|
off ZMEAM S 0| 8sti= AIEJP A =|ond, 197040 =
tloll= L=ZollM ZMES MHD FZlol| TS 77} ghtsiA| T
ai=|dct 1978 Kobe CHER| Sajiet Kitano= 20| 1 m, &
6.5 kG, |t AP |Z MZ]711.0 Tl 2EM(SEMD-1)S 7iekst
0§ 0.15 N9 —T—EEE‘J_'—PNO 1 %2 FRESS ¥%en, o] Zx}
£ HES=Z Z0| 85 m, &2 10 ktone| Z=rete FZIET
H(SEMD-4A)5t04 81 O5 Ne| F=XI2n} ok 50 %9 FEIZ
oz 3L} (Saji et al., 1978). 197901 Iwatalt Sajie =
EIWQ 0|8510f 20| 3.6 m, AP |&2| MI7| 2.0 Te| =ME
MHD FZI7((ST-500) 7125101 0.6 m/s, 20 No| ZHASS
ELMSIC} (Iwata et al., 1980). 1984 Tada= F2IA|(Thruster
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i

o
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2

o o
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dejde AP |RHHsiMHD) sl F27| 28 JdSAETA] 7

hull) B!l 12702] X7 |(Thruster) 7 221 Z00] 80 m, Al&

da F
ZZol 10 m, A& M7| 2.7 T, £8&5 0.12 HHUM

269 CollM FX|== UHLF(LHe) H21LAS| ZHMEXM S
olgsl¥eLt, UHHES FAIAHAT= LRI A (Cryostat) A
Ael FEMo| s a2l of2{F0IUCt

19870l = ART 92 Kol FE|MEtE M2fY D2EME
A7t IHL=0 10~20 THES| AP | &2 MM ste EH TAO|
ARSI (Yan et al., 1995; Kiyoshi & Wada, 2003;
Stumberger et al., 2004). 19874 2ZofA{= =7 el odtalx|
2 ZME MHD FRD|7+ AS8Ee] MUtESHoZ HXET| A
Zk5101 1990 Z=of| 2kdsIQict o] MER2 FA| 150 ton, AP |
ZO| MI7| 4 T, X122 8,000 N, =0 = 8 Knoto|C|, =2
1992440l MA| Z|ZZ ZHEE MHD F27|E Akesh akMet
(YAMATO-1)& Kobe 22| ali=Roll A EloliAl7 | =0l A=t
it (Motora et al., 1991; Takezawa et al., 1995). 0|
YAMATO-12 |10 £ 4 m/s, FRGE2 1.7 %= 7|EL| Z=2
He| FAV|ECks f Z2 E2MES2 20iF 10 2t 19994
e Q20 522 F=oi7z AP |E M7|7F 14 Tl delHy
(helical~type) ZME MHD FXI7|E s, 27| HsAlE
o} DXEsolMe] sl MY |1MET B4 Sof 2ist o7 E 3
SIFCH (Nishikawa et al., 2000; Takeda et al., 2005). O] FZI17|
o #Z2 Zo| 0.6 m, Li&A 0.346 m, &2|ZH Zx|5= 3.80|04,
AP |1E MZ1E 3~14 THIX] AR =0|0] MEHS =%
Ct o] ¢dolMe| o|2Mol FRIEE2 60 %O0IX|2H A
FXE 82 13 %(Load factor=2.6) 2 &2 Zz= AHAY
oll, 0|Foll= Kobe CHElM 7 TE2| =ME MHD A"
0|83l0 FRESS =0I7| e AT E 2=0| IS2=E
FCHLiu et al., 2006). 19930 O|= of= 24 (ANL)oll=
6 T2 AP |&S 7IX|= =MZ MHD FZXI7|E 7ieksigiend, of
FX7|o] ZMEAM2 13 feete| 228 (dipole type)0|d, |
FAZE173 ton2 2 Eelfle AEATEOZ MAEUH U2
0|23I%Ct (Pasha Publication, 1989). 19954 Pennsylvania
State Universityoll A= MIT CHEOlAM ZHSH12 TS =M EAM
2 0|85 ZMT MHD F& A|ARS 7HLs10] FRMEE
5l%on], MI|Mol 80| 2F20 %0|1, Fre82 47 % N
Gt (Lin & Gilbert, 1989).

deMo=z MHD FAVIERE 0|8He YTAK
(permanent magnet)2 i 2 T ME7IX| AP (&R M7|1E =
el 2= lon, 22X (Dipole magnet)2 Zlt] 6 T ME7H|
=2 £ ek F2ol= AP IE MPIE 2ot =0(7] 25t &
2|28 (Helical~type) ZMEAME MHD F217| o47%0]| 0|88t
11 Q/C} (Chen et al., 2019a; Haghparast & Pahlavani, 2019;
Chen et al., 2019b). O|=1t ¥=o| ZAMEIIES (T4
oflA 1980 EHEEE Victor Il, Sierria, Akulags 242
Esto| Bx LE 20| MHD £XZEX|E olo| AERACID
11 AcKGilbert & Lin, 1991). 0] FXI7|= Z0] 29.5 T E, 2|
482 IE, WA 25 TE, &§HE 7 Knot M2 HIl=1

o (2
o
o R

4

— 1
=]
un Mo

bal

> 0
%

I

00
olr
-

AL

ne g

Qict o|=9| Los AngelesZ, Ohiogt 2iAlote| Alfag Y
FElolM= 15 Knot O|Ake| ZEoA 7|0-E{EIS 25 E] dh
He &858 d2AP|E Aol FL2 TSI (ol ofof| CHet oY
OS2 MHD FZI7|9| 0|82 Moksiien, 7|aFT=3E2 0|
off CHet odguiddof B2 =dnt FAE HBSINCE 7IsFk
ZojlAM= MHD FZEI7[e| 1&28ol tigh Mot opzl,
Sl UMD} R, UM So| MERE0| ERF Mt
dIFozo| 2o tisloiT HESI 2ot 2003 F=2| Han
3} Lius A8AXIZ(small liguid sodium cooled reactor)2t
AMTEC(Alkali Metal Thermo—Electric Converter) cell 256 &t
Mezl= M7)0|HX|E ZME MHD F21712| MeARX|of 21X
Zol= Al MEisks M2 7HEel MHD Muf FRIA|AE]
Miokstn, 2 ZEE0| USS A=xoiend, olzfgh gk
MHD FZI7|7+ of2fe] skt FRIARI0| =[7| sk TEdt
2 MAIS *JCt (Liu, 2003; Lodhi & Dalogu, 2001).

e oz 0

rio mjo Ok

0d

L
3. AP IR Moot 22| mgel A

olfiel Fig. 12 NME=Eol @z|Zdd FX7|(helical-type
thruster) 2| i Eolo{, FE7| UiFolz LAsH el mx|
(helical pitch)E zt= HedH(insulation wall)& Z+FE1 UCh
FX719| -EFC| FSFI7|(flow guide)2t FESYFI
(flow rectifier) & 4501 7S 28 10 % M= STHE
2= QIC} (Takeda et al., 2006).

A sl TEFER[oAM o|&&Ql MHD FZI7|E 112{s
0f FXI7| Lol Meldst &4 (potential drop loss)a} =245t
& &4 (hydradlic loss)0| gicks 7Pt MEMol MAP|g&
(electromagretic efficiency) WWEACZHE] P& MV |2} FEI17|
289 7ICkst AHIE F51H Fig. 22t 2T} (Peng et al.,
2002). 047|M, sl MIIMEZ= 5 S/m, sl Qlvte=

superconducting magnet

seawater flow u Zl cathode

cathode

external resistor

Unit: mm

¢ 304
Fig. 1 Conceptual drawing of Helical-type thruster and
photographs of flow rectifier in Japan
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Fig. 2 Theoretical relationship between thruster efficiency
and magnetic field strength

FUTE 2 KA, sl FRETE AP |1H M7|2t SLsict
7P4s5igict. F27| 282 AP|Ee| M7l vlzstd SIt
Z7|iel ofz] 2ARIKIER ¢l6ld &
(Yan et al., 2002). &M, MHD FXI7| 7|&M
sZ2sk| @lslod gttst s
1230l CHu|stof ofof] 2kt o
7o MASH €eslct S35, FXEES =0[7| 2lsiM
7|& 7tsE 20iF0{ok 510, FXI7| Aciof| &

= Sy

gXol FERI7|(flow guide)2t FSHF7|(flow rectifier) S
OI_:]7

X

—

mn

Pal

=

>

o

—~
[0

HU

rir

b

> 0%
_O'L
k1 orlo

X 30
|0
=S
Hl
=
2
x
H1
> ol

Im

el

2510 25 £Al(hydrodynamic loss)E& Z4AI7 F1,

1= Aloof| 7tstt B2 MRE QUi & JUEF HATE T
Zo|ct (Hales et al., 2006; Takeda et al., 2015; Chen et
al., 2019b; Cao et al., 2021).

4. 28 MHD 7 MSAEEA

N

MHD FXI7[oll ARBEl= A& M7= ZEsE 3
o| FXIZo| X[2H A8 MSAIEERE 0|8% 7|=
25101 Ztf 0.6 T2l AP |H MI7|1E Zt= A E(Cu) ©X
Ui 7|GHet gA MAHEI0] HMZEBIICE ofzhel Fig. 32
THMOoZ M5 &2l 0| =8 AMET MAM el fzx=olct
St AME MAMMe| LfZ2 70 mmo|, 2ol ZAZI Zo
130 mmolct. Y2 & 252 tuno|od, Z|cf 0.6 TE 2HE7|
M 262 A/20 V| F2d1} 3.8 liter/me| W24 =&lo| =
Fig. 4= A HZFst 2ol XS A L Lo
off th2 X7 |& M7|e| 23o|ct MARe| Z4ln 2o
QIERo|ME AP|E MZ|7t of 28 HEo| xfolE
Aeni A o|Fof= 20 mm FHL| AP|E RjHTx=IF =&
=0 Ak o AP |E AHTE 2 Folle A AP|E MZ(7t
0.05 T(500 G) olsto|m, MAAMT} HO|EFE FAsH 2
L

o =lol=
%Iggoh;l-

Bt oo mio

-
N
=
ig
—

doqr n

-lej_vgﬁ 3
B 2

HI
2

170

ig. 3 Design structure of solenoid Cu—-magnet with
maximum magnetic field strength of 0.6 T
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Fi

4.2 XD |ZHEM) MARHIEHA

T oo =

A FXI7\of thet MAE7|ZHElectromagnetic fields, EM) XA
|54 (CATIA CAD modeling, ANSYS ICEM-CFD meshing,
ANSYS CFX EM analysis)S A& T2 o2 a5 &g
4 F2719| sl FREEE o F3I%Ct (Liu et al., 2006; Znao
et al., 2012; Haghparast et al., 2019.). QlZsl4 (F7|MEE:

MHD 271 ASAEZIAIE HXEPI0] M, Ehemsel g|
A

PN=2 PN=3 PN=4

Fig. 5 Modeling structure of a helical MHD thruster
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A2 HE A |FHASHMHD) sl FE7| 28 HSAlEEA| 7Y

/m)01| CHohA Lol 237 (Screw) HEf2| HHAFZEE 2
12|12 FXI7|(Helical thruster)2| Z|X|5=(Pitch number, PN)
, 3, 42 “4740F3W siASILE Fig. 5= 2HZlol| ARRSH

MHD FZI7|9| 20|c} 07|14, AP &2 sl Faate

=z EEE 4=olch

A M7 06 T, FZX21 Hd 5 cm, X 2, 3,

mr% mju r|r m
=N et
i e

=
T
=t

r

4(Helical length=100 mm, A-Z4+ Flow guide Z0]=50 mm),
olFall= MEE 5 S/m(KEHE 0.2 ohmm)ollA QTIEF M7
(20 A, 40 A, 60 A, 80 A, 100 Aol k2 FXI7| EFER| Y
TRES AMSIHCKFg. 6 E=x). o] AMETIZRE M9
ol7IMEIL 60 A & ol =XI7| EST0IMQ| 4 BARSE S
0.044 m/s(~0.088 Knot)o|Z2, 100 A & [IH01|: 0.073
m/s(~0.146 Knot)2 =RISIRACE w2iM, FE7| &7
Mol siSet 7F A bt TRl 22 = delZ
HATEZ MHD FE7| LFE HM=HsIict

0.08
|Flow Output Velocity by Model
I
0.07 e
/l
0.06
.
3 F
Eoos
2 L
8004 A
o
>
0.03
—=— Model1 (2 Cycle)
0.00 —eo— Model2 (3 Cycle)||
’ —— Model3 (4 Cycle)
i
EEENEN
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Fig. 6 Calculation result of maximum seawater flow-rate
for the applied currents and pitch numbers at the
exit stage of helical MHD thruster

43 8% TIsiE g
sl S0l =0{RU= M3of Mo| ei=of MFIF s=2H
=M siig=el M7|Esi7t FEEICt (Tempelmeyer, 1990a). sl

£=o| M7| 25l 2pYol chsto] T7|aE ekl &E ATt
Molle AlZE B} glX|2E A5 HiAEXASZ2RE Cist
SME2} 0{7]0f L= HASE olslsk=nl =22 v
ICt. e M=o H|&M(inert)0|H, ofziel Bt8ol ofs =8
ofo] NaCle| X7 |2si 25E] 2=(anode)ollA SHA(Cl) 7|7t
S|, SFcathode)ollM = F=4(H) Z|XI7F LY EICE

F=(Anode)

o= 2CIT — Cl, + 2e”
2=(Cathode) :

2" + 2H,0 — H, + 2(OH)”

=30 Qle A2 MAES 2320j|AM Q| 35 2 (chemical

reduction) =S Th=n{, =ofMe| MAF ZE(deficit of

electrons)2 At&Hoxidation) =12 = 2f
7(HEOH At HMEH ofzllo| HES1 Zo| BISA =M=
250| all== WM Y= =2 Mot pE0X| L, i

(l\/latenal loss)O| erAistTh:

Al — AT
Cu— Cu™ + 2e
Fe — Fe™ + 2e

J8E22, sl B0l 32= ﬁvoﬂ
HM(H) 7t M= =3 (reacting mater|a|)°|
M M=o IHEég(matenal Ioss)OI HHMSHCL 2= &
HolAM LY== HAC)7 M YMEEZ0| M= MEet OH_FO'”
S22 MRl ofEsin], YMIL SAlol i wWEA TR
sl =1, olzel BREoll Qs Fa(H)7t F7i= MMEC
(Tempelmeyer, 1990a; Abdel-Aal et al., 2010):

oM 2=0ll= 27|

201 — Cl, + 28

Cl, + H,0 — HCIO + CI + H'
HCIO — CIO™ + H'

2H'" + 2¢ — H,

MHD FZ17| LiFof 2= M=ol =2 ﬁ%ﬂ s27| [[H%HI
sil=e| MU|2s) sialo] Y=o, O|Z QlshA 7.‘_:
= 7|Mgt2(gas bubble)o| EA=T, 7|x1| 2 A
noise) = el ZhsHA| =l=H|, o &30 J"—FOHHE
T2t O[ROIX|X| 2211 UX|ZH LEo| oA70]| 2fsHA F=~F
kHz Exo| Fik ds HERiT Qo “Ehﬁﬁi'if
(Tempelmeyer, 1990b). O[2{st =~F4 kHz F CHodo|
FZ2Z0] MHD F21719| o]0l ofmst Haks
oHH" QORT X|EHOl od7rt et MEolch 9,
MHD F=ZI7| LFollM sk 7|

22
o M7|eteby Hi3of ofaiA gd=ER, TY
=

ol
(=T S

M
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— Anode @ SUS316L, Al-Alloy, Pt—coated Ti
— Cathode : SUS318L
= Helical Insulator : PVC (ABS. PETG)
= (Artificial) Seawater : NaCl = ~5%
- Conductivity = 5~6 S/m (0.17~0.2 Ohm-m)

(b)
Fig. 7 Small performance test device for the helical
magnetohydrodynamic (MHD) seawater propulsion
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Fig. 8 Detailed internal structure of a helical-type MHD
thruster in the small performance test device
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* B-field: 0.6 Tesla (at 265 A/25 V of Magnet Coil)
* Cathode: SUS316L
* Helical Insulator: PVC(ABS, PETG)
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. 9 Output seawater flow velocity along the applied
current of electrodes for MHD thruster
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